The purpose of this study is to identify the causes of mechanical complications of osteosynthesis of members to prevent and improve the results of our surgical treatments. Patients and Method: Retrospective study including all patients diagnosed with mechanical complications after osteosynthesis of the limbs and who received medical follow-up. 42 patients with an average age of 42.2 years, with a male predominance (36 cases) were selected. These complications predominated in the femur with 26 cases. The implants involved were predominantly screwed plates with 25 cases. We investigated and analyzed the different types of dismantling of material as well as the etiological factors that may be at the origin of these disassembly. Results: After a mean follow-up of 15.47 months, four types of complications were identified: material expulsion (20 cases), migration (3 cases), incurvation (7 cases), fracture of material (12 cases). 4 types of factors causing dismantling have been identified: the factors related to the patient, factors related to fracture, the factors related to the implant and factors related to the surgeon. Conclusion: Disassembly of orthopedic implants is most often of multifactorial origin. These factors may act in isolation but are most often entangled in the patient. Proper preoperative planning can help prevent them. However, unexpected stresses of the implant and certain factors related to the ground remain difficult to control.
Introduction
The mechanical complication of an osteosynthesis is defined as permanent deformation or rupture of the osteosynthesis material or its support [1] . Osteo-synthesis places the bone segment in new mechanical conditions that evolve throughout the periods of consolidation and mobilization. In addition to these, mechanical complications of various kinds can be observed. Several factors are responsible for these relatively frequent mechanical complications. This frequency varies between 6% and 18% according to the authors [1] [2] [3] . This retrospective study allowed us to identify and analyze the most frequent causes of these complications in order to prevent them.
Patients and Method
This is a retrospective study for analytical purposes over 4 years (January 2012 to December 2015). All patients operated for limb osteosynthesis using various implants and whose mechanical failure of the osteosynthesis was diagnosed and treated in our service were included in this study. We excluded from the study all patients who presented a mechanical complication after bone consolidation as well as patients operated for arthroplasty. During the study period, 1514 limb osteosynthesis were performed, including 480 in the upper limb and 1034 in the lower limb. The implants used were distributed as follows: screwed plates 810, centromedullary nails 320, external fixation 305, simple screwing 27, broaching 52. After the hospital discharge, all these patients underwent clinical and radiological follow-up on a monthly basis. External consultation was until bone consolidation and during functional rehabilitation sessions. During this postoperative follow-up, 42 mechanical complications were diagnosed (2.77% of limb osteosyntheses). All these patients were followed and treated in the service. The mean age was 42.2 years with extremes from 18 years to 86 years. There was a male predominance with 36 cases, (85.71%). Dismantling predominated in the femur with more than half the cases (26 cases, 62%), including 18 diaphyseal, 5 proximal epiphyseal and 2 distal epiphyseal); 10 cases in the leg, 3 cases in the humerus, 2 cases in the forearm and 1 case in the clavicle. Table 1 shows the distribution of complications according to the site of osteosynthesis. The affected implants were mostly plates with 25 cases; 4 single screwings, 5 spindles and 7 centromedullary nailings were involved. These implants all came from the same supplier of synthetic material and the same manufacturer. We investigated and analyzed the different types of dismantling of material as well as the etiological factors that may be at the origin of these disassembly. 
Results
After a mean follow-up of 15.47 months, four types of méchanical complications were identified and treated: material migration (3 cases), materiel expulsion (20 cases), incurvation of the materiel (7 cases), fracture or rupture of material 12
cases). Table 1 shows the socio-demographic and clinical characteristics of the patients.
The migration of the material (Figure 1 ) is defined as the progresson or the depression of the material beyond the supposed normal limits. It was observed with a screw after osteosynthesis of femoral neck fracture. We also observed the migration of two tibial nails to the loading of the patient 3 months after osteosynthesis. A surgical revision was indicated for non-consolidation: ablation of the tibial nail, osteosynthesis by targeted plate associated with a bone graft.
The expulsion of the material we have defined as the receding or loosening of the material has been observed with screws (involved screws) (loosening of the screw) ( Figure 2 ). In the majority of cases, the screws were made of a femoral screw plate (10 cases patient took support after leaving the hospital on day 5 after a femoral plate osteosynthesis. The reoperation for absence of bone consolidation was carried out for 6 patients with bone graft in 4 cases. The 6 others had their material simply removed because they had already consolidated. Table 2 shows the distribution of mechanical complications according to the following up.
The causes of these mechanical complications were investigated and grouped into 4 types of etiologic factors: patient-related factors (age, indiscipline, weight, infection); factors related to the fracture: the seat and the anatomo-radiological type of the fracture (comminution, the existence of several fragments); the factors related to the implant (the bad choice of the implant, the maladjustment); factors related to the surgeon: the surgical technique, the technical errors.
• Patient-related factors:
The etiologic factors most commonly encountered in our study were those related to the patient. Failure to follow postoperative medical instructions with mobilization and early loading was the most common cause in the lower limb (26 cases). 5 of our patients were osteoporotic (aged over 70 years). Only a teenager of 15 years. The bone fragility of the child and the elderly person would explain some expulsions of screws; whereas the bone strength observed in young adults could be the cause of fractures or ruptures of material. An infection of the surgical site was noted in 3 (7.42%) of our patients after osteosynthesis by femoral plate. This was the case in 2 cases of screw expulsion and in the case of a plate rupture. The diagnosis of the infection has been evoked after the discovery of the dismantling of the material and confirmed in intraoperative during the surgical resumption.
• Factors related to fracture:
The complexity of the fracture including the existence of a comminution was observed in 70% of the cases and could be the cause of dismantling of material.
• Factors associated with the implant:
Concerning the implants, all the nails for which a mechanical complication was observed were unlocked nails (kuncher nails). In addition, the screws we use are non-self-locking screws. These factors would favor expulsions and incurvations of the implant • Factors related to the surgeon:
The surgeon and especially the technical errors were at the origin of some mechanical complications; In fact, we observed technical defects on some radiographs of post-operative control: it was most often,
-an internal defect on the opposite side to the screwed plate or a reduction defect with the persistence of a diastasis was found in 8 cases, -the presence of one or more non-screwed holes or intrafocal screws: 6 times,
-of a plate of insufficient length, width or thickness: 2 times, -a centromedullary nail of inadequate length (2 times). These defects were isolated or associated in the same patient.
Discussion
Mechanical complications after limb osteosynthesis ranged from 6% to 18% according to the literature (Benoit [2] found 18%, Riemer [4] 7%, and 11% for
Wagner [5] . We have grouped into 4 types.
Age: in young subjects <15 years of age, cortical and thin, canals of havers occupy the major part of the bone, giving it an areolar aspect [6] [7] . This makes the holding of the screws more random and favors their disassembly of the screws by tearing (expulsion). Essadki et al. [8] found 50% mechanical complications in subjects younger than 15 years. This was difficult for us because our service is exclusively reserved for the osteo-articular surgery of the adult. In the adult the cortical bone is very solid favoring better inking. Disassembly in adults is therefore more often due to breakage of screws or plaque than to expulsion.
This was confirmed by our study because the 12 cases of rupture or fracture of material that was observed in adults. In the elderly >60 years, there is an osteoporosis with a thinning of the cortical which is the factor often at the origin of expulsion of the screws. Osteoporosis is found in almost all authors. (Our series:
5 patients > 60 years including 2 very osteoporotic)
The weight of the patient: overweight or obesity is the factor of mechanical stress at the origin of rupture or expulsion of material.
The indiscipline of the patient at the origin of the mobilizations and the early loadings without medical advice are common factors incriminated. Early loading was found in all patients (100%) in the series of Moyikoua et al. [9] , which involved only mechanical complications in the lower limb. Ibrahimou et al. [10] found 50% early loading as a cause of femoral nail curvature. In the Essadki study [8] , early loading accounted for 54% as a cause of incurvation and screwed plate fracture, with our 26 patient series accounting for 61%.
Infection, when it acts by causing locally a bone lysis around the material, reduces the quality of the inking. It was found in only 3 (7.14%) of our patients.
Its role in the occurrence of mechanical complications of osteosynthesis has not been frequently demonstrated in the literature because the majority of studies have dealt with aseptic mechanical complications. Gogoua et al. [11] , however, found a higher rate (38%) of local infection in their series.
• Factors related to the fracture:
The seat and the type of the fracture are sometimes incriminated in the occurrence of mechanical complications. Indeed in the complex comminutives or multi-fragmentary fractures it is the material which undergoes all the constraints due to the absence of inter-fragmentary contact. Attempts to reduce the anatomy of the fragments may be to the detriment of their vascularization, com-promising the consolidation. Some authors (Ruedi and luscher [12] ) have reported the possibility of consolidation of complex fractures by simple bridging equipment without seeking the anatomical reduction advocated by several schools. Moyikoua et al. [9] had 12 patients out of 22 (54%) who had complex fractures. For Burny et al. [1] , fracture was the only cause of disruption in 70 patients. We found it in 29 patients (70%). At the site of the fracture, the cortical thickness determines the quality of fixation of the screws. Indeed, based on the morphological subdivision of the diaphysis of the long bones, especially of the femur, advocated by Benoit et al. [2] , the cortex is thicker in 1/3 medium allowing a good anchoring of the screws, while the 1/3 proximal and distal have a less thick cortex with thus less anchoring of the screws thus increasing the risk of dismantling by tearing. At the site of the fracture, the cortical thickness determines the quality of fixation of the screws. Indeed, based on the morphological subdivision of the diaphysis of the long bones, especially of the femur, advocated
by Benoit et al. [2] , the cortex is thicker in 1/3 medium allowing a good anchoring of the screws, while the 1/3 proximal and distal have a less thick cortex with thus less anchoring of the screws thus increasing the risk of dismantling by tearing.
• Factors related to the implant:
The implant must be adapted to the fracture. According to Meyrueis J [13] , for a better stability of the osteosynthesis, the plates must be sufficiently long, The locked nailing of Kemfp and Gross [16] has indeed improved the prognosis of complex and comminuted fractures. The stability of the rotational and axial mounting is improved by the locking. The centromedullary nail whose migration we observed was unlocked. The same observation was made by Moyikoua [9] in Togo and Wami [17] in the DRC. We do not use self-locking plates or screws that considerably reduce the risk of disassembling the equipment [18] .
• Factors related to surgery [20] has demonstrated that the existence of an internal defect or an inter-fragmentary diastasis subjects the material to flexion-compression and flexion-traction stresses leading to the fatigue of the material causing its curvature Which may go as far as the rupture of the interest of the filling of the defects by a graft (Müller). In 6 of our patients (14%), there were non-target plate holes or screws in the fracture line. According to Muller [20] a minimum of 4 screws that is to say 7 to 8 cortical are indispensable for a better osteosynthesis by screwed plate. The presence of an intrafocal screw can lead to a yawning of the fracture focus with poor inter-fragmentary contact subjecting the material to stresses. The length and the unsuitable diameter of the centromedullary nails were responsible for 2 nail migrations in our patients. This complication has been observed in several authors [21] [22] [23] .
The complexity of the fracture (70% of the cases) associated with the indiscipline of the patients (61% of the cases) are the factors most commonly found in the genesis of these mechanical complications.
Conclusion
Mechanical complications after limb osteosynthesis are most often of multifactorial origin. These factors may act in isolation but are most often entangled in the patient. Proper preoperative planning can help prevent them. However, unexpected stresses of the implant and some factors related to the ground remain difficult to control.
Limits of the Study
This study is limited by its retrospective nature, the small sample size and the impossibility of achieving other.
Mechanical complications after limb osteosynthesis. A case-control study on a larger sample will be necessary for future study.
